Background: The hand and wrist are functionally the most important parts of the body that are also very prone to traumatic injuries. Clinical examinations have inherent shortcomings in accurate diagnosis of tendon injuries. This makes diagnostic surgical exploration mandatory in the setting of questionable clinical findings. It is valuable to have an adjunctive diagnostic modality on hand to complement clinical findings and obviate the need for unnecessary surgery. Objectives: The primary purpose of this article was to investigate the overall accuracy of point of care ultrasound performed by emergency physicians for the diagnosis of tendon lacerations. Methods: One hundred and twelve patients with penetrating trauma to the volar aspect of hand or wrist and questionable clinical findings took part in this prospective study. All patients were candidates for exploratory surgery and underwent diagnostic ultrasonography to evaluate tendon rupture before surgery. Ultrasound results were compared with surgical evaluation results as the standard test. Results: This research found a specificity of 99.4% and sensitivity of 100% for POCUS in the diagnosis of tendon rupture in traumas to the volar aspect of the hand and wrist. Conclusions: The POCUS can be a reliable modality to evaluate tendon injuries in patients with suspicious clinical findings. Using this modality may obviate the need for a mere diagnostic surgical exploration.
Background
Hand and wrist are functionally the most important parts of the body that are also very prone to traumatic injuries (1), as they constitute about 30% of patients treated in emergency departments (2) . Although clinical examination remains the first diagnostic test in cases of suspected tendon injury, it may be very tricky in evaluating partial thickness tears or non-cooperative patients (3) . Clinical examinations have inherent shortcomings that make them inappropriate to rule out tendon injuries in all trauma patients. These limitations may come from lack of patient cooperation, or extent of tissue damage that makes tendon examination impossible. This may eventually lead the physician to opt for surgical exploration in order to detect tendon injuries; however, in many cases, tendons suspected to have lacerations are ultimately proved intact, and no therapeutic measures would be required. On the other hand, clinical examination may not be able to detect partial tendon injuries in many cases and surgical exploration remains to be the sole problem solver in such situations. Surgical exploration is warranted in cases of known tendon injury or other injuries, such as displaced fractures or foreign bodies, yet it is an aggressive, expensive, and time-consuming process that is not justified to be performed as a sole diagnostic modality in patients that will be eventually proved to have no tendon injuries. Accurate imaging studies that can determine the exact situation of a potentially torn tendon are very valuable and preclude the need for a more aggressive process (4). Point-of-care ultrasound (POCUS) is a new promising ultrasound technique that can be performed by emergency physicians in a bedside manner and reduce delay in diagnosis of many musculoskeletal pathologies, such as fractures, foreign bodies, effusion, synovitis, etc. (5-7). It is an easy, portable, repeatable, and non-ionizing method.
Objectives
Considering the paucity of studies on the economic and health/welfare benefits of POCUS in diagnosing tenCopyright © 2019, Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the original work is properly cited.
don lacerations, especially in Iran, the researchers decided to evaluate the accuracy of this technique in the diagnosis of tendon injuries of hand and wrist in trauma patients with questionable clinical examination.
Methods

Settings
This study was conducted in a level 1 academic trauma center. Patients with penetrating trauma to volar aspects of hand and wrist during a 20-month period (March 2015 to October 2016) were evaluated as possible candidates of being enrolled in the study. Two emergency medicine attending physicians, three POCUS-trained emergency medicine residents, and two radiology attending physicians participated in this study. The emergency medicine residents were trained by attending radiologists in a three-week course and each performed at least 20 wrist tendon ultrasound examinations under their supervision.
Study Design and Participants
This prospective study was designed to evaluate the accuracy of POCUS for detecting tendon injuries in a carefully selected group of patients. The emergency physicians, who cooperated in the study were two faculty attending members with at least a five-year experience in a level one trauma center. Over a course of 20 months, in the shifts that the POCUS-trained emergency residents were available, the patients, who referred to the emergency department for penetrating trauma to the volar aspect of hand and wrist, were comprehensively examined by an attending emergency physician. The patients were categorized to three groups based on physical examination: (1) patients, who needed surgery for an obvious tendon injury, foreign body or neurovascular compromise, (2) patients, who needed an exploratory surgery because of possible tendon injury in physical examination (e.g. decreased and/or painful range of motion) or those, who needed exploratory surgery because of indeterminate results on physical examination (e.g. patients with decreased level of consciousness, or those, who did not cooperate in physical examination), and (3) patients with completely normal physical examination (not painful nor decreased range of motion). Patients in the second group were considered as clinically questionable for tendon injuries and were regarded as eligible candidates for being enrolled in the study, while patients in the first group were directly admitted to the orthopedic ward and those in the third group were discharged from the ED after appropriate wound management. An orthopedic resident was available all the time in the ED and visited all patients with questionable findings. The inclusion criteria included hemodynamically stable patients over 18 years of age with penetrating injury to the volar aspect of hand or wrist, lack of any previous history of tendon injury at the same site, and giving a written consent to perform a bedside ultrasound examination before the definite diagnostic modality. The process was fully described to the patients or their next of kin, and written consent was obtained.
Exclusion criteria were as follows: (1) Age of younger than 18 years old, (2) hemodynamic instability, (3) lack of informed consent, (4) simultaneous severe damage to other organs, (5) severe tissue trauma or active bleeding, preventing the ultrasound evaluation of the affected extremity, (6) simultaneous joint damage, (7) traumatic amputation, (8) burns, (9) crush injury (10) previous injury at the same anatomic location, and (11) fingertip injuries.
Test Methods
Bedside ultra-sonographic examinations were performed by one of the three cooperating emergency medicine residents. They were asked to record the results as intact tendon or injured tendon. All sonographic assessments were performed according to the European Society of Musculoskeletal (ESSR) guidelines (8), using 12 MHz Sonosite ™ surface probe. The superficial location of the hand and wrist tendons justified the use of a highfrequency (9 -17 MHz) linear probe and a thick layer of coupling gel. The patients were asked to actively flex each interphalangeal and metacarpophalangeal joint, in order to better differentiate the tendons from adjacent structures, and also to distinguish superficial and deep flexor tendons. The evaluation of all tendons in the field of injury and the comparison with the opposite side were carefully performed. Tendons were traced from fingers to the wrist in both axial and longitudinal planes, in both resting and active flexion. The presence or absence of tendon injuries were recorded (Figure 1 ). To minimize bias, the ultrasound results were not reported to the patients. Surgical exploration was performed by an orthopedic surgeon, who was not aware of the POCUS results. The surgical results were later extracted and recorded as the reference standards.
Data Analysis
The patients were classified, according to the ultrasound results to two groups (tendon injury and no tendon injury). The results of surgical exploration distributed the patients to two groups (tear/no tear).
For describing the data, tables and statistical parameters, such as mean and standard deviation, were used. analyze the data, t-student test was performed and Kappa coefficient was measured, using SPSS V. 20 and Statistica V. 10 . P values of less than 5% were considered statistically significant.
Ethical Consideration
The informed consents were obtained from hospital authorities and participants. The patients were ensured about the confidentiality of the obtained information.
Results
From 306 patients, who visited the emergency department during the study, 112 patients with questionable physical examination following penetrating trauma to hand or wrist, underwent surgical exploration (165 patients referred at times when no POCUS-trained residents were available and so were not enrolled in the study, 29 patients did not meet the inclusion criteria) (Figure 2 ). The demographic data is provided in Table 1 . While performing the POCUS, all tendons that were located in the area of penetrating injury were evaluated and the results were recorded separately for each tendon, hence the researchers evaluated a sum of 214 separate tendons. Based on surgical wound exploration, 48 tendons were partially or completely torn. Among these, ultrasound was able to accurately detect all the injured tendons. The crosstabulation data of ultrasound and surgical exploration results are summarized in Table 2 . The sensitivity of ultrasound in diagnosing tendon lacerations was 100% (92.6 to 100, 95%CI) and the specificity was 99.40% (96.69 to 99.98, 95%CI).
Discussion
Bedside ultrasound is a quick, inexpensive, and noninvasive tool, which can be of much use at the emergency department. Although most emergency physicians are familiar with the clinical applications of point of care ultrasound (POCUS) in situations like abdominal aortic aneurysm, hydronephrosis, deep venous thrombosis, central venous access, and pneumothorax (9), most of them forget about its invaluable applications in musculoskeletal emergencies. While evaluating musculoskeletal trauma patients, POCUS can be an easily performed adjunct for clinical examinations in order to assess the extent of injury. In addition, POCUS could be easily applied for patients, who do not cooperate while performing physical examinations and help the experts evaluate tendon injuries in different situations (10) . In the current study, ultrasound enabled the researchers to identify all 48 cases of flexor tendon injuries of the wrist and hand. The sensitivity and specificity of ultrasound were 100% and 99.4% for flexor tendon injuries, respectively.
The researchers assumed that the case of false positive result has been due to anisotropy artifact. When tendons are evaluated longitudinally, ultrasound is perpendicular to tendon fibers. This makes the fibers become hyperechoic (white) with a lamellar pattern. If ultrasound beam hits the fibers in an oblique angle, the fibers become hypoechoic and anisotropy artifact ensues. This artificially hypoechoic pattern can be falsely interpreted as tendon tear. To avoid this error, tendons must be evaluated at different angles (11) .
The researchers suggest that POCUS must be used as an adjunct to physical examination for the pre-operative assessment of flexor tendon lacerations. It seems to be able to determine the status of healthy and ruptured tendons more accurately and can also help the surgeons determine the surgical and incision site, particularly in cases where the proximal ruptured tendon is not palpable.
Limitations
In the present study, three emergency residents that had already been trained for tendon ultrasound evaluation performed the sonographic examinations. As a result, not all patients referred to the emergency department with hand and wrist injury could be enrolled in the study. Another problem in using bedside ultrasound by emergency physician for evaluating tendon injuries is that emergency physicians need to gain suitable amounts of experience before correctly and reliably performing and interpreting an ultrasound examination. The current results are only applicable to a restricted situation, in which the emergency physician is well aware of the tendon ultrasonographic images and potential pitfalls in sonographic diagnosis of tendon lacerations.
This study only included patients with a questionable clinical examination that were candidates for surgical exploration to evaluate for tendon injury. The results of the study are not applicable to those with completely normal physical examination (no painful or decreased range of motion), or those with obvious tendon tears. This situation is what happens in common clinical practice, as this group of patients would be discharged from the ED without any further evaluation. Some factors like air or foreign body in the tissue may make ultrasound less reliable and more difficult to perform. In the current study, these patients were not included in the final data analysis.
Conclusions
The researchers conclude that POCUS can be reliable for the evaluation of tendon injuries in patients with questionable clinical findings. This modality obviates the need for a mere diagnostic surgical exploration and decreases morbidity in patients and disease burden on health care systems.
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